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\0 (54) Title: FORMATION Ol* HYDROPHILIC SITES IN PARTIALLY SILYLATED MICELLE TEMPLATED SILICA 

(57) Abstract: The inveniuin relates to a method of preparing a partially silylated silica having at a surface thereof hydrophi lie sites 
defined by non-silylaicd hydroxy) groups. The method of the invention comprises the steps of (a) providing a micelle templated silica 
having at a surface thereof surfactant-protected hydroxyl groups and unprotected hydroxyl groups; (b) treating the micelle templated 
silica with a base-gcncniiing silylating agent to silylate the unprotected hydroxyl groups and thereby obtain a partially silylated 
micelle templated silica; and (c) treating the partially silylated micelle templated silica with an acid to displace the surfactant, thereby 
obtaining a partially silylated silica having at the surface thereof hydrophilic sites defined by non-silylated hydroxyl groups. Such a 
1^ partially silylated silica having hydrophilic sites is useful as a catalyst support and for ion exchange in chromatography. 
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FORMATION OF HYDROPHILIC SITES IN PARTIALLY 
SILYLATED MICELLE TEMPLATED SILICA 



TECHNICAL FIELD 
5 The present invention pertains to improvements in the field of 

micelle templated silica. More particularly, the invention relates to the 
formation of hydrophilic sites in a partially silylated micelle templated silica. 

BACKGROUND ART 

10 The large pore of micelle templated silica in comparison to 

that of zeolites provides novel opportunities in the field of molecular sieves 
not only for the scope of treating bulkier moleciiles, but also for the variety 
of chemical modifications of their internal surface. Taking advantages of 
such a versatility, researchers have tried to tailor tune their acid-base, their 

15 hydrophobicity and their catalytic properties envisionning many different 
applications in fields as different as adsorbents, separation and acid 
catalysis. In this context, tiie stability of micelle templated silica is an 
important consideration. Originally, their hydrothermal stability was poor 
according to the loss of their mesoporous structure in acid or alkaline 

20 solution. Several methods have been proposed to increase the stability of 
^esoporqus mat erials, inc luding synt hesis of materials wMi thicker J^ore 
walls, silylation, stabilization by tetralkylammonium and salt effect New 
avenues e:q)lored recently the preparation of templated mesostructured 
materials having an organic core with an inorganic shell using (EtO)3-Si-R- 

25 Si(OEt)3 type of precursors, in which R is an ethylene, phenyl or thiophene 
group. However, the organic functions are located inside the walls where 
again accessibility restriction is expected. 
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DISCLOSURE OF THE INVENTION 

The present invention provides a method of forming 
hydrophilic sites of very small size within the channels of micelle templated 
silica. 

5 

In accordance with the invention, there is thus provided a 
method of preparing a partially silylated siUca having at a surface thereof 
hydrophihc; sites defined by non-silylated hydroxyl groups. The metibiod of 
the invention comprises the steps of: 
10 a) providing a micelle templated silica having at a surface 

thereof surfactant-protec ted hydroxy] groups and unprotected hydroxyl 

groups; 

b) treating the micelle templated sihca with a base-generating 
silylathig agent to silylate the improtected hydroxyl groups and thereby 

1 5 obtain a partially silylated micelle templated sihca; and 

c) treating the partially silylated micelle templated silica with 
an acid to displace the surfactant, thereby obtaining a partially silylated 
silica having at the surface thereof hydrophihc sites defined by non-silylated 
hydroxyl groups. 

20 

The present invention also provides, in another aspect thereof, 
a partially silylated sihca having at a surface thereof hydrophilic sites 
defined by non-silylated hydroxyl groups. 

25 As used herein, the expression "base-generating silylating 

agent" refers to a silylating agent which is capable of forming a base as a by- 
product of the silylation. Apphcant has found quite unexpectedly that such a 
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base does not displace the templating surfactant so that the surfactant- 
protected hydroxyl groups remain protected during the silylation and a 
partial silylation of the micelle templated silica can thus be achieved In 
contrast, the acid formed as a by-product during silylation by acid- 
5 generating silylating agents such as, for example, chlorotrimethylsilane 
displaces the tCToplating stirfactant, leading to a complete silylation and to a 
very hydrophobic surface. Once the micelle templated silica has been 
partially silylated, it can thereafter be treated with an acid to displace the 
templating surfactant and thereby obtain die desired partially silylated silica 
10 having hydrophilic sites at the surface thereof. 

MODES FOR CARRYING OUT THE INVENTION 

Examples of suitable base-generating silylating ageaats which 
may be \xsed for effecting the partial silylation include hexamethyldisilazane, 
1 5 di-n-butyltetramethyldisilazane, 1 ,3-divinyl- 1 ,3-diphenyl- 1 ,3- 

dimethyldisilazane, hexamethyldisiloxane, 1,3-diallyltetramethyldisiloxane, 
1 ,3-divinyl- 1 ,3-diphenyl- 1 ,3-dimethyldisaoxane, triphenylsilanol, 
diphenylsilanediol, bis(cyanopropyl)tetramethyldisiloxane, N,0- 

m 

bis(trimethylsilyl)acetamide and N,0-bis(trimethylsilyl)trifluoroacetamide. 
20 Hexamethyldisilazane is particularly preferred. 

Accordiug to a preferred embodiment of the invention, step (b) is 
carried out by treating the micelle templated silica under reflux at a 
temperature of about 25'' - 150°C in a solution of the silylating agent in a 
25 non-polar solvent The solvent used for dissolving the silylating agent must 
be non-polar in order to prevent a dissolution of the templating surfactant 
Examples of suitable non-polar solvents which may be used include 
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toluene, benzene, cyclohexane, n-hexane, trichloromethane and 
diethylether. Toluene is particularly preferred. 

According to another preferred embodiment, step (b) is carried 
5 out by treating the micelle templated sUica in a fluidized bed under a flow of 
a inert gas saturated at about 50° - 150°C with the silylating agent. Nitrogen 
is preferably used as inert gas. 

According to a further preferred embodiment, step (c) is 
10 carried out by washing the partially silylated micelle templated surfactant 

Wi't^ an amd in admiytiirft with a pnlar snlverit Rtich as ethflTinl. Hydronhloriri 

acid is preferably used. 

4 

The surfactant used for protecting the hydroxyl groups at the 
1 5 surface of the silica is preferably a quaternary ammonium salt. Examples of 
suitable quatemary ammonium salts which may be used include tetra- 
methylammonium salts, cetyltrimethylammonium salts and 
benzyltrimethylammonium salts. Cetyltrimethylammonium bromide is 
particularly preferred. It is also possible to use a quatemary phosphonium 

« - 

20 salt such as, for example, dodecyltriphenylphosphonium bromide. 

4 
« 

The partially silylated silica having hydrophilic sites and 
obtained by the method according to the invention is useful. as a catalyst 
support and for ion exchange in chromatography. Typically, the hydrophilic 
25 sites represent about 35% to about 55% of the surface of the silica. The 
hydroxyl groups of the partially silylated silica are preferably silylated by 
trimethylsilyl groups. Silylation and particularly trimethylsilylation enhance 



wo 02/16267 




PCT/CAOl/01161 



-5- 



the mechanical stability of the silica. The hydrophilic sites, on the other 
hand, are available for further surface modifications. 

The following non-limitmg examples illustrate the invention. 

5 

Preparation of Micelle Templated Silica 

Pure hexagonal micelle templated silica was prepared firom a 
gel of molar composition: 1.00 SiOa, 0.86 Na20, 0.44 (TMA)20, 030 
10 ClMABr, 63.3 H2O (TMA = tetramethylammonium; CTMABr = 

cetyltrime thylamm onium bro mide). A solution cetyltrirnfttViylaTnTnnnmTn 

bromide was slowly added to a clear gel containing fumed silica (Cab-O- 
Sil), sodium siUcate and TMA-silicate with vigorous stirring at room 
temperature. The resulting gel was transferred into a Teflon-lined autoclave 
15 (1 litre autoclave for about 60 g of silica) and maintained for 24 h at 130^C. 
The resulting powder was filtered, washed with distilled water and dried in 
air. To improve the long range order of the as-synthesized mat^al, the 
resulting solid was treated in 600 ml of water per 60 g of soUd into a 
Teflon-lined autoclave for 24 h at 130''C. Then, this powder was filtered, 

■ 

20 washed with distilled water, and dried in air. 



EXAMPLE 1 

The micelle templated silica (1.0 g) as prepared above was 
treated under reflux in a solution of hexamethyldisilazane in toluene and 
25 allowed to react for 2 h at 110°C. The silylated product was washed with 
ethanol and dried in air. The solid (250 mg) was added to a mixture of 
100 ml of ethanol and 10 ml of 0.1 N HCl and stirred for two hours. Under 
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these conditions, the cetyltrimethylanunonium groups were removed from 
the solid. The acid washed material was filtered and washed with ethanol. 
The excess of HCl was titrated with 0.1 N NaOH. 

5 EXAMPLE 2 

The naicelle templated siUca (1.2 g) as prepared above was 
treated in a fluidized bed under a gas flow (15 cm^/min.) of nitrogen 
saturated at ISQ^^C with hexamethyldisilazane; 5 ml of the latter were 
consumed. The silylated product was washed with ethanol and dried in air. 
10 The solid (250 mg) was added to a noixture of 100 ml of ethanol and 10 nnd 
of 0.1 N HCl and stirred for two hours. Under these conditions^ the 
cetyltrimethylanunonium groups were removed from the solid. The acid 
washed material was filtered and washed with ethanol. The excess of HCl 
was titrated with 0.1 N NaOH. 

15 

EXAMPLE 3 (Comparative) 

The micelle templated silica (1.0 g) was treated overnight 
under reflux at 100°C in 20 ml of a 1:1 mixture of chlorotrimethylsilane and 
hexamethyldisiloxane. The silylated product was washed with ethanol and 
20 dried in air. The solid (250 mg) was added to a mixture of 100 ml of ethanol 
and 10 ml of 0.1 N HCl and stirred for two hours. Under these conditions, 
the cetyltrimethylanunonium groups were removed from the solid. The acid 
washed material was filtered and washed with ethanol. The excess of HCl 
was titrated with 0.1 N NaOH. 

25 

The silylated and acid washed materials obtained in Examples 
1, 2 and 3 were all tested for their ion exchange capacity. A chloride salt of 
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the (Co(en)2Cl2]^ complex was cation exchanged at room temperature for 
one hour. Typically, for 200 mg of the silylated and acid washed product, 3 
ml of concentrated ammonia (30%) were added to a 50 ml solution of cobalt 
complex (2.8 X 10"^ M) in a 73:27 water ethanol mixture. Except for the 
fully silylated silica obtained in Example 3, which remained white, the 
partially silylated sohds obtained in Examples 1 and 2 took up the coloration 
of the cobalt complex 'during ion exchange at pH 10. 



The SiO /Si ratio was also determined by acid-base titration in 
10 a non-aqueous solvent such as ethanol. The SiOVSi ratio decreases Scorn 17.8 

to 13.8, 9.4 and 0 for the micelle templated silica to the silylated forms 

obtained in Examples 1, 2 and 3, respectively. 



The tethered trimethylsilane groups are characterized by 
15 characteristic IR bands at 1250, 850, 750 cm^^ The deepness of silylation 
measured by SiO' titrations was quantitatively confirmed by ^^C and ^^Si 
MAS-NMR spectroscopy. 



The silylation deepness calculated in terms of the nmnber of 
20 trimethylsilyl groups per nm^ was obtained fix>m the elem^tal analysis of 

caibon4)erfoimed.on the.silylated.and acid washed materials-ofExamples 1 

2 and 3, according to the following equation: 




5 = ' 



50-(%C)J(7XMS)(,S^) 



xlO 



25 
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where %C is the content of carbon reported in weight percentage, Na is 
Avogadro's number, TRMS is the effective molecular weight of the 
trimethylsilyl groups and Smts is the surface area of non-silylated material 
(1060 mVg in the present experiment). The results are reported in the 
5 following Table. 

TABLE 





Solid 
Tested 


S 

TRMS/nm^ 


TRMS 
coverage (%) 




Ex^ 


U 


42 












Ex.2 


1.6 


61 


Ex. 3 

t 


2.6 


100 



10 
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CLAIMS 

1 . A method of preparing a partially silylated silica having at a surface 
thereof hydrophilic sites defined by non-silylated hydroxyl groups, comprising 
the steps of: 

a) providing a micelle templated silica having at a surface thereof 
surfactant-protected hydroxyl groups and unprotected hydroxyl groups; 

b) treating said micelle templated silica with a base-generating 
silylating agent to silylate the unprotected hydroxyl groups and thereby obtain 
a partially silylated micelle templated silica; and 

c) treating said partiallv silylated micelle templated silica with an 

acid to displace the surfactant, thereby obtaining a partially silylated siUca 
having at the sxirface thereof hydrophilic sites defined by non-silylated 
hydroxyl groups. 

2. A method according to claim 1, wherein said silylating agent is 
selected firom the group consisting of hexamethyldisilazane, di-n-butyl- 
tetramefhyldisilazane, l,3-divinyl-l,3-diphenyl-l,3-dimethyldisilazane, hexa- 
methyldisiloxane, 1 ,3-diallyltetramethyldisiloxane, 1 ,3-divinyl- 1 ,3-diphenyl- 
1 ,3-dimethyldisiloxane, triphenylsilanol, diphenylsilanediol, 
bis(cyanopropyl)tetramethyldisiloxane, N,0-bis(trime1iiylsilyl)acetraaide and 
N,0-bis(trimethylsilyl)trifluoroacetamide. 

3. A method according to claim 2, wherein said silylating agent is hexa- 
methyldisilazane. 

4. A method according to any one of claims 1 to 3, wherein step (b) is 
carried out by treating said micelle templated silica under reflux at a tempera- 
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ture of about 25^ - 150°C in a solution of said silylating agent in a non-polar 
solvent. 

5. A method according to claim 4, wherein said non-polar solvent is 
selected from the group consisting of toluene, benzene, cyclohexane, n-hexane, 
trichloromethane and diethylether. 

6. A method according to claim 5, wherein said non-polar solvent is 
toluene. 

A method according to any one of plaims 1 to 3, wherein step (b) is 

carried out by treating said micelle templated silica in a fluidized bed under a 
flow of an inert gas saturated at about 50*^ - 150^C with said silylating agent 

8. A method according to claim 7, wherein said inert gas is nitrogen, 

9. A method according to any one of claims 1 to 8, whereia step (c) is 
carried out by washing said partially silylated micelle templated siUca with said 
acid in admixture with a polar solvent 

10- A method according to claim 9, wherein said acid is hydrochloric 

acid and said polar solvent is ethanol. 

11. A method according to any one of claims 1 to 10, wherein tihie 

surfactant-protected hydroxyl groups are protected by quatemary ammonium 
groups. 
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12. A method according to claim 11, wherein said quatemary ammo- 
nium groups are tetramethylammonium, cetyltrimethylammonium or benzyl- 
trimethylammordum groups. 

13. A method according to claim 12, wherein said quaternary ammo- 
nium groups are cetyltrimefliylaramonium groups. 

14. A method according to any one of claims 1 to 10, wherein the sur- 
factant-protected hydroxyl groups are protected by quatemary phosphonium 
groups. 

15. A method according to claim 14, wherein said quaternary phospho- 
nium are dodecyltriphenylphosphonium groups. 

16. A partially silylated silica having at a surface thereof hydrophilic 
sites defined by non-silylated hydroxyl groups. 

17. A silica accordiug to claim 16, wherein the hydrophilic sites 
represent about 35% to about 55% of said sxirface. 

"18." — A'silica according to claim~16 or 17, wherein hydroxyl groups are 
silyated by trimethylsilyl groups. 
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AMENDED CLAIMS 
[received by the International Bureau on 3 April 2002 (03.04.02); 
original claim 16 amended; remaining claims unchanged (1 page )] 

12. A method according to claim 11, wherein said quaternary ammo- 
nium groups are tetramethylammonium, cetyltrimethylammonium or benzyl- 
trimethylammonium groups. 

13. A method according to claim 12, wherein said quatemary ammo- 
nium groups are cetyltrimethylammonium groups. 

14. A method according to any one of claims 1 to 10, wherein the sur- 
factant-protected hydroxyl groups are protected by quatemary phosphoniimi 
groups. 

15. A method according to claim 14, wherein said quatemary phospho- 
nium are dodecyltriphenylphosphonium groups. 

16. A partially silylated siHca obtained by a method as defined in any 
one of claims 1 to 15, said partially silylated silica having at a surface thereof 
uniformly distributed hydrophilic sites defined by non-silylated hydroxyl 

gccmps.. _ - - 

17. A silica according to claim 16, wherein the hydrophilic sites 
represent about 35% to about 55% of said surface. 

18. A silica according to claim 16 or 17, wherein hydroxyl groups are 
silyated by trimethylsilyl groups. 
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